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I. Introduction
As part of the work of the American Petroleum Institute Research Project 44 and the Thermochemical Laboratory at the National Bureau of Standards, values have been calculated for the heat-content function, free-energy fUllction, entropy, heat content, and heat capacity for the 14 alkylbenzene hydrocarbons through CgH 12 , and for the higher normal monoalkylbenzenes, in the gaseous state to 1,500° K. These data have been combined with values of heats of formation at 25° C to calculate values of the heats, free enerties, and equilibrium constants of formation of these compounds in the gaseous state to 1,500° K. Equilibrium constants have been calculated for some reactions involving alkylation (addition of olefin to benzene to form alkylbenzene), cyclization (conversion of paraffin to alkylbenzene plus hydrogen), and trimerization (of acetylene to form benzene and of methylacetylene to form 1,3 ,5-trimethylbenzene).
II. Units and Constants
The unit of energy, atomic weights, and values of the fundamental constants used in this report are the same as those previously described [1] .4
• F iguresin Ilrackests indirate tbe literature refere!lcesat tbe end of this paper.
III. Heat-Content Function, Free-Energy Function, Entropy, Heat Content, and Heat Capacity
The thermodynamic functions for benzene, toluene, 0-, m-, and p-xylenes, and mesitylene were published by Pitzer and Scott [9] . The present calculations include minor revisions in these values to take account of more recent data, but they primarily concern the remaining alkylbenzenes through CgH 12 and the higher normal monoalkylbenzenes. The detailed methods, in which contributions from translation, over-all and internal rotation, and vibration are considered, were used for benzene and all its methyl derivatives and for ethylbenzene. The calculations for ethylbenzene and all methylbenzenes with ortho methyl groups contain certain additional approximations. The functions for n-propylbenzene and the higher normal alkylbenzenes, isoproplybenzene, and the three methylethylbenzenes, were estimated by a method of increments from the functions for the normal paraffin hydrocarbons and the lower alkylbenzenes.
Translational and Free Rotational Contributions
For this series of molecules the potential barriers to internal rotation are relatively low, and the moments of inertia are always fairly large; consequently, it is convenient to calculate the classical free internal rotational contribution and then to correct it in all cases for the potential barrier present. The alternate procedure of calculating directly the thermodynamic contributions for restricted internal rotations would be equally correct.
All the molecules considered in this section fall in the class studied by Pitzer and Gwinn [5] , (~ymmetrical tops attached to a rigid frame) except ethylbenzene. However, it may be considered as a methylene group with a symmetrical methyl group and a balanced, but unsymmetrical phenyl group attached. By the term "balanced" it is meant that the center of gravity of the phenyl group is on the axis of rotation but that the two moments of inertia of the phenyl group perpendicular to the axis of rotation are not equal. An analysis of this type of problem, which shows that in such cases the various moments of inertia should be calculated for the equilibrium configuration of the molecule, is to be published elsewhere [4] . Although more general formulas are given there, they reduce to those already published [5] for this case.
The formulas of Pitzer and Gwinn [5] , with the new physical constants mentioned above, combined with the equations for translation and over-all rotation [1] , yield the following equations for the total contribution of translation, over-all rotation, and free internal rotation:
(HO-Ho)/T=COp =7. 9787+0.9936m - (F°- 
-2.5342m-l0. 2960 . (4) In these equations, m is the number of internal rotations in the molecule; M is the molecular weight; A is the product of principal moments of inertia for over-all rotation, each in units of 10-39 g cm 2 ; B is the product of reduced moments of inertia for internal rotation, each in units of 10-40 g cm 2 ; and (J' is the total symmetry number, ~ the product of the over-all rotation symmetry number and all internal rotation symmetry numbers. The reduced moments of inertia for internal rotation were calculated from equations Ib and lc of Pitzer and Gwinn, which give a second approximation to the reduced moments for molecules with several tops. However, for the molecules considered here, except perhaps ethylbenzene, there is no significant difference between the second approximation and the first approximation given by equation la of these authors.
The values for the bond lengths used in the calculations were chosen after a consideration of the published X-ray and electron-diffraction data. The benzene ring was assumed to be a plane hexagon, with carbon-carbon bond lengths of 1.39 angstroms. The other bond lengths, in angstroms, were 1.54 for the carbon-carbon bonds in the alkyl groups, including the bond joining the group to the ring [7] , 1.09 for the carbon-hydrogen bonds in the alkyl groups, and 1.08 for the carbonhydrogen bonds on the ring. Tetrahedral angles were assumed in the alkyl groups. These dimensions yield for the moment of inertia of the methyl group about its axis of rotation 5.30 X lO-40 • However, the moment of inertia of ethane about its threefold axis [8] should be double that of a methyl group giving for the latter 5.52 X 10-40 • Although no definite decision can be reached at this time, the larger value was used in all calculations for the methyl derivatives of benzene. The calculations for ethylbenzene had already been made with the smaller value and have not been changed. 6 The values of the constants in eq 1 to 4 are summarized in t able 1. , The use of the higher value of the methyl moment of inertia for ethyl· henzene would increase the entropy for free rotation hy 0.04 cal/deg mole at all temperatures. As a result the potential barrier for the rotation of the phenyl (or ethyl) group evaluated later in this report from the experimental entropy would be increased from 1,080 to 1,130 cal/mole, which is well within the limit of other errors. • All moments of inertia for internal rotation are expressed in units of 10-<' g cm '. b For the configuration in which the carbon atoms of the ethyl group lie in a piane pcrpendicular to the plane of the benzene ring.
, For the moment of inertia 5.52 for the methyl group; unless otherwise indicated.
d For the moment of inertia 5.30 for the methyl group; this value was used in the calculation of the thermodynamic functions for ethylbenzene.
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• The principal .-axis is perpendicular to the plane of the benzene ring, except for ethylbenzene, for which it makes an angle of 11° with the perpendicular. The orientation of the principal .t-and y-axes may be determined by inspection, except for 1,2,4-trimethylbenzene, for which the projection of the x·axis on the piane of the benzene ring makes an angle of 13° with a line passing through the 1 and 4 positions on the ring. The vibrational assignments of Pitzer and Scott [9] for benzene,6 toluene, the three xylenes, and mesitylene, were accepted without change. Such new data as have become available would not appear to make a complete reconsideration of the spectra of these compounds at this time worthwhile. However, the harmonic oscillator contributions to the thermodynamic functions were recomputed at 250° K and at IOO-degree intervals from 300 0 to 1,500° K, using the tables of Sherman and Ewell [3] and the new values of the physical constants [1] .
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Vibrational Contributions
(b) Ethylbenzene
The vibrational frequencies of ethylbenzene were assigned on a semiempirical basis that involved a detailed consideration of only the lowest frequencies of vibration of the benzene ring and also of the frequencies associated with vibration of the ethyl group. The remaining frequencies were taken from the assignment for toluene [9] . A complete fr equency assignment for ethylbenzene at this time is impracticable. The details of this assignment, together with the method of calculation, will be presented elsewhere [6] . The resulting frequencies as used in the thermodynamic 0al-culations are listed in table 2. The total vibrational contributions to the thermodynamic functions of 1,2,3-and 1,2,4-trimethylbenzene were estimated empirically from the values calculated for I,3,5-trimethylbenzene (mesitylene) and the three xylenes. The differences in the vibrational contributions for the three xylenes are small, as may be seen from the values given in table 3 for the heat-content function, free-energy function, and heat capacity, at several temperatures. In view of the small differerences in the functions obtained with the methyl groups ortho-, meta-, or para-to one another, it seems reasonable to conclude that these positional effects are approximately additive. This view does not take account of the effect of molecular , 'l' be recent vibrational assignment of Herzfeld, Ingold, and Poole [27) yields thermodynamic properties for benzene wbich do not differ signifi· cantly from those presented here. Tbe largest differences arc about 0.1 cal/deg mole in tbe entropy and beat capacity.
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symmetry on the vibrations. However, symmetry affects the over-all distribution of Irequen- cies, and therefore the vibrational function, to a much smaller extent than it does the individual frequencies. It is easily verified that, on the basis of the assumption that positional effects are additive, the proper formulas are
The vibrational functions for 1,2,3-find 1,2,4-trimethylbenzene were calculated by means of these formulas at each temperature. The-resulting functions are compared with those for 1,3,5-trimethylbenzene at several temp,eratures intable 4. 
Rcstrietcd Rotational Contributions
The calculation of the translational, total free (over-all and internal) rotational, and vibrational contributions to the thermodynamic functions have been described in the preceding sections for benzene, toluene, ethylbenzene, the three xylenes, and the three trimethylbenzenes. This completes the calculation for benzene and leaves only the restricted internal rotational contributions for the other molecules. The potential barriers restricting internal rotation of the methyl groups in toluene and the three xylenes have been determined by comparison with the experimental entropies and heat capacities. The potential barrier for the methyl rotation in ethylbenzene was assigned a reasonable value empirically, and the barrier for the ethyl rotation was then obtained from the experimental entropy. The barriers for the methyl rotations in the trimethylbenzenes were assigned on the basis of the barriers in the xylenes. The details of these calculations will be presented in this section_ (a) Synnnetry of Potential Barriers
The usual assumption has been made that the potential barrier for each internal rotation may be approximated by an n-fold cosine function and that interaction terms in the potential energy between different internal rotations may be neglected. The barrier for the methyl rotation in toluene is sixfold (n=6), and the barriers for the methyl groups in p-and m-xylenes must have essentially the same magnitude and symmetry as the barrier in toluene. The situation in o-xylene has been discussed by Pitzer and Scott [9] , and their recommendation that the methyl groups be treated as independent rotors, with n=3, has been fo1- (b) Reduced Moments of Inertia Although only the product of reduced moments of inertia was needed for the free-rotation calculation, individual values are required for restricted rotation calculations [5] , since the partition function for each individual rotation IS needed. In terms of our constants it is (7) where I is the reduced moment of inertia, T the absolute temperature, and n the symmetry number. The values of I were calculated from eq Ib and Ie of reference [5J, and are listed in table 5. • The values refer to the groups in the order mentioned in tbe names for the trimetbylbenzenes. Tbe methyl group is given first for ethylbenzene. These values are rounded to three significant figures; bence their product will not agree exactly with that in table 1. b For the moment of inertia 5.52 for the methyl group. unless otherwise indicated.
• For the moment of inertia 5.30 for the methyl group.
(c) Calculation of Potential Barriers from Experimental Entropies
The experimental entropies for these compounds, for the liquids under their saturation pressures, at 298.16 [10] , and reduced to the standard state [14J. The third row (sum of first and second) is the experimental 100 value for the standard entropy of the gas, at 1-atmosphere pressure and 298.16° K. The fourth row gives the sum of the calculated contributions to the standard entropy of the gas for translation, total fre e (over-all and internal) rotation, and vibration, at 298.16° K. The fifth row (difference of third and fourth) is the decrease in the entropy caused by the restriction of the internal rotations (except for benzene). Finally, the last three rows give respectively the maximum potential barrier consistent with the experimental entropy and its uncertainty, the probable barrier indicated by the experimental entropy value itself, and the minimum barrier consistent with the experimental entropy and its uncertainty.
All contributions of restricted rotation throughout this paper are taken from tables of Pitzer and Gwinn [5] .
For ethyl benzene there are two separate potential barriers to be evaluated. The barrier for methyl rotation has been assumed to have the value of 3,400 cal/mole found in propane [12] . On this basis, 1.50 caljdeg mole of the entropy difference, (8;-8°), is to be assigned to the methyl rotation, leaving 0.36 cal/deg mole as the contribution of the ethyl rotation, which leads to 1, 080 cal/mole as the indicated value of the potential barrier for the ethyl (phenyl) rotation. In this case, the uncertainty in the calculated entropy of vibration and of restricted methyl rotation exceeds that of the experimental value. Hence, calculated maximum and minimum potential barriers would have no meaning.
The experimental value for the entropy of benzene gas at 298.16 The comparison with the gaseous heat-capacity data of Gwinn, and of Pitzer and Scott [9] , is shown in table 7 . The experimental values are given in the third column, and the values calculated for the sum of translation, total free rotation (over-all and internal), and vibration are given in the fourth column. The difference of these values, given in the fifth column, is the increase in heat capacity owing to restriction of rotation (except for benzene). The values of the potential barriers indi-r· 2, 000 0
• References: Benzene [17] , toluene [181, etbylbenzene [19, 201, xylenes [9] . b Refer ence 114].
• For the etbyl (phenyl) rotation in ethyl benzene assuming a barrier of 3,400 cal/mole for the methyl rotation_ cated by the data are shown in the last column. These values are obviously subject to considerable uncertainty, in view of the estimated uncertainties in the cxperimental heat capacities, and the possible effects of error in vibrational assignment. Scott • 'rhe first series for benzene is the data of Gwinu [9] ; the remaining data are those of Pitzer Ilnd Scott [9J.
b Toluene, 17l-xylene, and p -xylene calculated for a potential, barrier of 6 maxima; a-xylene witb a barrier of 3 maxima.
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d Allowed by the experimental uncertainties.
• Uncertain-see text • correction to the observed value of 37.71. The calculated value at this temperature for translation, total free rotation, and vibration is 36.56, leaving 1.50 cal/deg mole as the contribution of restricted rotation. Of this, 1.20 is to be assigned to the methyl rotation, assuming, as before, a 3,400 cal/mole barrier. The contribution of the ethyl rotation is therefore 0.30 cal/deg mole, which yields a value of 850 cal/mole for the barrier.
(e) Selected Values of Potential Barriers
The potential barriers selected on the basis of the entropy and heat-capacity data, and used in the calculation of the final values of the thermodynamic functions, may now be stated. The barriers for the methyl groups in toluene, p-and m-xylenes were assigned a value of 750 cal/mole, as the best average value indicated by the data on these compounds,7 and a value of 2,100 cal/mole was assigned to the barriers in o-xylene. The differences between these values and the values reported previously [9] are attributable principally to changes in the calculated vibrational contributions resulting from the use of the new values of the fundamental physical constants [1] . The barrier for the ethyl group rotation in ethylbenzene was assigned the value 1,080 cal/-mole indicated by the . entropy. The entropies calculated with these barriers are compared with the experimental entropies at 298.16° K in table 8. The harriers for the trimethylbenzenes were assigned empirically on the basis of the barriers in the xylenes, as follows: (1) 1,2,3-, and 1,2,4-trimethylbenzenes, one 750, and two 2,100 cal/mole barriers, each; (2) 1,3,5-trimethylbenzene, three 750 cal/mole barriers. The derivation of these values is obvious except in the case of the 750 cal/mole barrier assigned to the centrat methyl group in 1,2,3-trimethylbenzene. It is likely that the interactions of the central methyl group with the adjacent groups on either side increase about equally the maximum and minimum of the potential energy for the rotation, and do not, therefore, alter greatly the potential barrier (variation of potential energy) for the rotation,
Calculations hy the Method of Incrmnents
The thermodynamic functions for the C 9 H 12 alkyl benzenes, aside from the three trimethylbenzenes, were estimated from the functions for appropriate lower alkylbenzene and paraffin hydrocarbons. The formula used for the three methylethylbenzenes was 1-methyl-x-ethylbenzene= 1,x-dimethylbenzene +ethylbenzene-toluene+R In 2, (8) where x=2,3, and 4 For propylbenzenes, n-propylbenzene=ethylbenzene+n-butane -propane, (9) isopropylbenzene=ethylbenzene+isobutane -propane+R In (3/2). (10) The higher normal alkyl benzenes, from n-butylbenzene (CIOHa) to n-hexadecylbenzene (C22H 3S ), were calculated from the formula normal alkylbenzene (C nH 2n_ 6 )=ethylbenzene (CJlIO) +normal paraffin (C n-sH 2n-S) -propane (C3Hs), (n?;:9). (11) When n =9 this red uces to the formula for n-102 propylbenzene (C9H 12) eq 9. The thermodynamic functions for isobutane were taken from reference [231, and for the nonnal paraffin hydrocarbons from reference [16J. The loga,rithmic terms correct for the discrepancies in total symmetry numbers for over-all and internal rotation in the formulas as written. They are to be included in the calculation of the entropy and the negative of the free-energy function, - (FO- ll'o) /T, but omitted in the calculation of the heatcontent function and the heat capacity.
Some correction may be desirable for the changes in the barriers for rotation of the alkyl groups attached to the benzene ring, especially in 1-methyl-2-ethylbenzene and isopropylbenzene, but it was not considered worth""hile to estimate the corrections in view of the uncertainty of values calculated by the present method.
An indication of the accuracy of the values for n-propylbenzene may be obtained by comparing the directly calculated values for ethylbenzene with values calculated from the equation ethylbenzene= toluene + propane -ethane. (12) The differences, expressed as the value calculated from eq 12, less the directly calculated value, in cal/deg mole, at 300°, 900°, and 1,500° K, are 1.17 , 0.10, and -0.17, for the free-energy function; -1.24, -0.67, and -0.42 for the heatcontent function; and -0.92, -0.13, and -0.02 for the heat capacity. However, in this case the difference in the contribution of the methyl rotation in toluene and the ethyl rotation in ethylbenzene is considerable. Correction for the change in this contribution leads to differences of 0.04, -0.32, and -0.42, for the free-energy function; -0.29, -0.28, and -0.18, for the heat-content function; and -0.59, -0.09, and -0.01, for the heat capacity. A correction of this type should be unimportant in eq 9 for n-propylbenzene.
Tables of values of the thermodynamic properties
The resulting values of thermodynamic properties for the 14 alkylbenzenes through C9H I2 and for the higher normal monoa.lkylbenzenes are presented in tables 9 to 18, which give values of the h eat-content function, (HO-Ho)/T, the freeenergy function, (FO-Ho) / T, the entropy, So, the heat content, H O-He, and the heat capacity, C:p, for the gas in the standard state at a pressure of 1 atmosphere. table are given to more significant figures tban are warranted by the absolute accuracy of the individnal values in order to retain the internal consist~ncy of the several thermodynamic functions of a single substance, and also to retain tbe signiOcance of the increment with temperature of a given thermodynamic (unction.
b The heat-content function (lio-l-J~)/T, is the beat content at the given temperature less the heat content at OOK, divided by the absolute temperature (OK) of the given hydrocarbon in the thermodynamic standard gaseous state of unit fugacity (1 atmosphere). fL See footnot.e" a" of table 9 . b The bent·content function, {JiO-li~)/T, Is the heat content at the given temperature less the heat content at OOK, divided by the absolnte temperature (OK) of tbe given hydrocarbon in the thermodynamic standard gaseous state of unit fugacity (1 atmospbere) . , oSee footnote "a" of table 9. b The free·energy function, (FO-H~)/T, is the free energy (exclusive of nuclear spin) at the given temperature less the heat content at 0° K , divided by the absolute temperature (" K), of the given hydrocarbon in thc thermodynamic standard gaseous state of unit fugacity (1 atmosphere). • Tbe [rec-energy function (FO-Ho)/T, is the free energy (exclusive o[ nuclcar spin) at the givcn temperature less the heat content at 0° K, divided by the absolute temperature (OK), o[ the given hydrocarbon in the thermodynamic standard gaseous state of unit fugacity (1 atmosphere). • See fo otn ote " a" of tahle 9 . _ So is the entropy (exclusive of nuclear spin) of the given hydrocarbon in the thermodynamic standard gaseous state of unit fugacity (1 a tmospbere) at the temperature indicated. 25.43 • See footnote "a" of table 9. b So is the entropy (exclusive of nuclear spin) of the given hydrocarbon in the tbermodynamic standard gaseous state of unit fugacity (1 atmosphere) at the temperatnre indicated. • Sec footnote " a " of t able 9.
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b (H O II,) is t h e h ea t content at tbe g i ven temp er a ture less the h eat content a t 0° K of t h e given h y d rocar bon in the the rmodynam ic s tandard gaseous st a te ot
nn it fu gacity (1 a tmosp h ere). • See footnote " a" of table 9 .
b C; is the heat capacity at constant pressure of the given hydrocarbon in the thermodynamic standard gaseous state of unit fugacity (1 atmosphere) at the temper ature indicated.
IV. Heat of Formation, Free Energy of Formation, and Equilibrium Constant of Formation
Method and Data Used in the Calculations
The same method of calculation was used as described in Section IV-l of reference [1] .
For the heats of formation at 25° C of the alkylbenzenes in the gaseous state from the elements, solid carbon (graphite) and gaseous hydrogen, the values given in reference [2] were used.
Results
The resul ting values of the thermodynamic properties for the formation of the 14 alkylbenzenes through CgH!2, and of the higher normal monoalkylbenzenes, in the gaseous state, from the TEMPERATURE IN oc elements, solid carbon (graphite) and gaseous hydrogen, aU at the given temperature, are presented in tables 19 to 24, which give values of the heat of formation, t:.HjO, the free energy of formation, t:.FjO, and the logarithm of the equilibrium constant of formation, loglo Kj, to 1,500° K. Figure 1 shows the thermodynamic stability of the normal monoalkylbenzenes in the gaseous state as a function of temperature, in the form of a plot of the standard free energy of formation, per carbon atom, divided by the absolute temperature. This plot may be compared with corresponding plots for the normal paraffins [13] , the normall-alkynes [15] , and thenormall-alkenes [24] . bt;.I-ifo re presents the increment in heat content for the reaction of forming the given compound in the gaseous state from the elements carbon (solid, graphite) and hydrogen (gaseous), with all the reactants and products in their appropriate standard reference states at the temperature indicated. .. See footnote "a" of table 9 . b /::; FjD r epresents the increment in free en er gy for the r eaction of forming tbe given compound in tbe gaseous state from the elements carbon (Rolid, gr aphite) nnd hydrogen (gaseous), with al1 the r eact ants and products in their appropriate standard refer ence sta tes at the temperature indicated . b 6.FfO represents the increment in free energy for the reaction of forming the given compound ill the gaseous state C rom tbe elements carbon (solid, graphite) and hydrogen (gaseous), witb all the reactants and products in tbeir appropriate standard reference states at the temperature indicated. 10) of the equilibrium constant for the reaction of forming the given compound in the gaseous state from the elements carbon (solid, graphite) and hydrogen (gaseous), with all the reactants and products in their appropriate standard reference states at the temperature indicated. Log 10 K/= -tJ. FrI0 .00457566T; tJ.Fr in kcal/mole, T in OK.
v. Free Energies and Equilibria of Isomerization
From the values in table 21 and 23, calculations were made of the values of the free energies and equilibrium constants for the isomerization of the C8H10 and the C9H I2 alkylbenzenes, according to the reactions free-energy change divided by the absolute temperature; and K, the equilibrium constant. In tables 27 and 28 are given values of N, the mole fraction of the given isomer present at equilibrium with its 0 ther isomers. For any two isomers, the ratio of the corresponding values of K (or of N) in tables 25 and 27 gives the ratio of the amounts of those two isomers present at equilibrium with one another in the gas phase at the given t emperature. For the purpose of retaining the significance of their change with temperature, the values in tables 25 to 28 are written with more figures than are warranted by the absolute uncertainty .
C8H 10 (ethylbenzene, gas) =C8H1O (isomeric alkylbenzene, gas)
CgHJ2 (n-propylbenzene, gas)=C9H I2 (isomeric alkyl benzene, gas).
The resulting values are given in tables 25 n -Propy l benn-Propylbenzene= n -Pr opyl ben zene= n-Propylbenzene= n-P ropylbenzene= n-Propylbenzene = n -P ropylbenzene= 'zene = isopropyl-I-methyl-2-ethyl-I-methyl-3-ethyl-I-methyl-4-eth yl-1, 2,3-trimethyl-1,2,4-trimethyl-1,3,5-trimethylTemperbenzene b enzene benzene benzene benzme benzene benzene ature 
I
In figures 2 and 3 are plotted, as a function of the temperature, the values of IlFo/T given in tables 25 and 26 for the isomerization of the C8HlO and the C9H12 alkybenzenes, These plots may be compared with corresponding plots for the paraffins [21, 22] , the ace~ylenes [15] , and the monoolefins [24] . From these charts, one may see at a glance, for any temperature in the given range, and within the limits of uncertainty of the calculations, which of the isomers is thermodynamically most stable (lowest value of IlFO / T) and which is the least stable (highest vuIue of IlFo/T).
In 011 . 058 . 561 .361 . 033 . OBO . 553 .280 . 059 . 095 . 511 .221 . 082 . 101 . 459 . 177 . 100 . 101 . 407 .146 . 114 . 097 . 359 .121 . 124 . 092 . 320 .103 . 131 . 087 . 287 .088 . 135 . 082 . 258 . 077 . 139 . 077 . 235 . 068 . 141 . 073 . 214 .061 . 142 . 069 . 197 .056 . 142 . 065 . 183 . 051 benzenes, respectively, the amounts, in mole fraction of each of the isomers present at equilibrium with its other isomers in the gas phase, as given in ~ables 27 and 28. The vertical width of each band gives the mole fraction for that isomer at the selected temperature. The mole fractions of the several ic;omers are plotted additively, so that their sum is unity at all ~em peratures.
In table 29 the directly measured equilibrium compositions for several reactions [9, 25] are compared with those calculated in this paper. The values agree within the combined limits of uncertainty of the experimental and calculated values. __ --------=1 8 :~3~:~O:~~~~~~ZENE The vertical width of a nand at " given temperature measures the mole fraction of the given isomer present when at equilibrium with all of its otber isomers, in th~ gas phase. The scale of ordinates measures the Amount In mole fraction, and the scale of 8bseissR~ gives tbe temperature in degrees Kelvin and degrees centigrade.
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The vertical width of a bqnd at a given temperature measurp,s the mole fraction of the given Igomer present when at equilibrium with all of its other isomers, in the gas phase. --------_ .. _--" 8.5 • The data in the first column are those of Pitzer and 'lcott [9J; the data in the second column are those of Norris and Vaala [25] , with the uncertainties estimated by the present authors.
b Thpsc values are C<llcuhted from the thermodynamic functions given in this report and the vapor pressure data given in the tables of the Americau Petroleum Institute Research Project 44 [26] .
VI. Equilibrium Constants for Some Reactions Involving
Alkylation, Cyclization, and Trimerization Table 30 presents numerical values of the equilibrium constant, and of its logarithm, for some reactions of alkylation (addition of an olefin to benzene to form an alkyl benzene) , cyclization (conversion of normal paraffin to alkylbenzene plus hydrogen), and trimerization (of acetylene to benzene and of methylacetylene to 1,3,5-trimethylbenzene). In figures 6, 7, and 8 are plotted, as a function of temperature, values of the logarithm of the equilibrium constant for these reactions of alkylation, cyclization, and trimerization, respectively. The effect of changing isomers, either reactants or products, can be determined readily from the free energies and equilibrium constants of isomerization previously glven. 
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